OUTLINE

® Introduction to WMAP and 2dFGRS experiments

® The LSND result and a sterile neutrino

e How Big Bang Nucleosynthesis contrains LSND

@ How Large Scale Structure constrains LSND

® LSS and neutrinoless double beta decay

® Rebutta



W

Wilkinson Microwave Anisotropy Probe

Measure universe's density fluctuations

Purpose: Cosmic Microwave Background Radiation

scale: 2.7248 (blue) to 2.7252 Kelvin (red)

more info:
map.gsfc.nasa.qov/index.htmil




2° Field Galaxy Redshift Survey

Measure 250k galaxies spectra, redshifts

Purpose: observe Large Scale Structure

more info:

msowww.anu.edu.au/2dFGRS
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LSND

Accelerator ﬁmaﬁe

T_appearance experiment

30m baseline
800 MeV protons. LANSCE

p's hitH,O makep's

p'shit Cu: p capture, p* stop and decay.
Decay atrest:  p* ,nf+n_ 167 tons of minera oil

n +n +e' 1220 PMTs

N,
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Excessﬁe events. 87.9+ 224+ 6.0

Oscillation Probability: But now we have 3 unreconcilable Dm?'s:
0 < 1A
(0.264 + 0.067 + 0.045)% Dm2SOLAR = 10*eV?
Dm? ~ 10° eV?
NOT 3.3s! ATM

Dm? ~ leV?

LSND



Eas est solution: add a neutrino.
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Fourth Neutrino must be sterile —LEP ! ' il
m,—— mz:: m,
Potential mass heierarchies: (3+1) and (2+2) mo- M m
el ™[OO T
(3+1) (2+2)

(3+1): Solar and Atmospheric n's mainly active

SNO and 1489-day Super-K data confirm

disfavors (2+2) schemes; (3+1) OK at 99% CL



e Gotsomen'sandp's. RaioX ~1

e Weak interactions

N+tnes-p+e- Ne=pte +n

keep X _in thermal equilibrium : g -Dm/T
(X _gets smaller as universe cools)

® \Weak freeze out @ G(Neak~ H
freezes number of neutrons

e Make “He with them

e If H bigger, freeze neutrons sooner
=> more “He
for agiven h (baryon to photon ratio)

e butH aN .. soif N > 3 see more“He



® WMAP measures
th2 = 0224 0.001

® Fits(toLCDM model)
h=65 107

e “He abundance, Y., uncertain
central PDG vaue;
Y, = 0.238 0.002 0.005
e givesN n<3@ 95% CL
e highest Y, = 0.244 0.001

@ givesN <34@ 95% CL

e togetN =4:Y,=0238 0011

lepton number asymmetry?



e Nn'ssuppress small scale density fluctuations

DP_ 3 W W a S
» a om
P W (W, Y
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e 2dFGRS+ WMAP: W < 0.0076 ( 95% CL )
Sm_< 0.69eV (singleactive)
® smallest LSND m .45 eV

Dilute n_ decouple from thermal eq. early

LSND n_thermally decouples < 10MeV

after QCD phasetransition (~100MeV)
=> not diluted

True for fast oscillations, fast thermalization



n bb

Heidel berg-M oscow experiment claims

sgna an i = 04 13eV

M@ orana neutrinos

nearly degenerate with other data

For 3 degenerate neutrinos

WMAP + 2dFGRSm _ < 0.23eV (95% CL)

s



e N_seaasymmetry, x_, biasesweak reactions

€eg: n+e —>p+ﬁe:> ChangesY
P

want X o= 0.05

e Even more: n —n_causelargex_
modifies BBN

strongly suppress population of n_

keeps them out of LSS

need x only ~10°



® New datain from WMAP
® L SND sees signal; accomadate with 4th n_
® \WMAP BBN data disfavors allowed LSND region

® WMAP & 2dFGRS L SS data also disfavors allowed LSND region

@ L SS constrains Heidelberg -Moscow n-less bb decay results

® But small X_can circumvent both BBN and LSS constraints



